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® improvements in and relating to the preparation of alloys for extrusion. 

@ A method for preparing an alloy for extrusion purposes, for example an aluminimum alloy comprising casting 
an ingot or billet, homogenizing the ingot or billet, cooling the homogenized ingot or billet, reheating the ingot or 
billet to a temperature above the solubility temperature of the precipitated phases in the matrix, holding the ingot 
or billet at the temperature above the solubility temperature and either quickly cooling the ingot or billet to the 
disired extrusion temperature to prevent precipitation of said phases in the alloy structure, or extruding the ingot 
or billet at the solubility temperature. This method improves the extrudability for the billet, in particular by 
making it possible to Increase the extrusion speed. 
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IMPROVEMENTS IN AND RELATING TO THE PREPARATION OF ALLOYS FOR EXTRUSION 



This invention relates to the preparation of an alloy for use in extrusion and In particular to the 
preparation of an aluminium alloy for use in extrusions. 

In extrusion plants producing aluminium extrusions, aluminium is supplied to extrusion presses in the 
form of billets of suitable size which are heated to a suitable temperature. The extrusion presses generally 
5 cons.st of a cylinder/piston arrangement with the cylinder being provided at one end with a tool in the form 
of a die. The aluminium is forced through the die by means of the piston, to torn an extrusion with the 
desired cross section or shape. . 

Due to their extrusion properties and the mechanical properties of the extrudate formed from them. AL- 
Mg-bi-alloys are often employed when extmding aluminium, more particularly alloys of the 6000 series for 
ro example, an alloy containing 0.35 1.5 weight % Mg 0.3 - 1.3 wight % Si. 0 - 0.24 weight % Fe 0 - 0 10 
weight % Mn 0.05 weight % Ti. the maximum amount of each of the impurities being 0.05 % and the total 
amount of each of the impurities being 0.15%. 

The billets employed are produced by casting an aluminium alloy of the above-mentioned type. After 
casting the billets are homogenized by annealing at high temperature and thereafter cooled and reheated to 
IS a desired extrusion temperature. 

it is generally required that: 

- the surface of the extrusions should be of the best possible quality, that is. there should be no surface 

detects, 

- the mechanical properties should tie the best possible. 
20 - the extrusion speed Is as high as possible. 

- the energy consumption is as low as possible during the extrusion process that is. the extrusion pressure 
IS as low as possible. 

Previously, attempts have been made to obtain optimum alloy compositions, and new methods for 
treating the above Al-alloys have been carried out to try to meet these requirements. 

US Patent No. 3.222.227 describes a method of preparing a billet of an aluminium alloy of the 6063 
type. The billet is homogenized and thereafter, cooled sufficiently fast to retain a sufficient amount of the 
rnagnesium and silicon in solid solution, preferably most of it. so that any precipitates created are present In 
the fomn ot small or very fine easily resolute MgzSi. Extmsions produced from such billets have after 
ageing, improved strength and hardness properties. However, because of the rapid cooling the billet is 
unnecessarily hard, which causes the extrusion speeds to be lower and the extrusion temperature has to be 
higher than is desirable. Moreover, preheating of the billet before extrusion has to be carried out most 
thoroughly and in a controlled way to avoid precipitation of a coarse beta-phase. MgaSI at this point in time 
NO Patent Application No. 863864 discloses a billet made of an AI-Mg-Si-alloy and a method for 
producing such a billet, the object being to obtain control of the micro structure of the alloy by controlling 
the a loy cornposition and by controlling the casting conditions and more specifically the homogenization 
conditions. The billet, during the cooling process, is kept at a temperature from 250 ' C to 425* C for some 
hme to precipitate nearly all the Magnesium as beta-phase Mg^Si. and reduce to a minimum beta-phase 
wigaSi. Improved extrusion properties are said to be achieved. 

«, extrusion properties of an alloy are detemiined by the extrusion speed at which tearing begins on 
40 the surface of the extrusions, and the extrusion pressure necessary to begin the extnjsion 

Tearing IS initiated during the extrusion in those parts of the extrusions, or rather those phases of the 
alloy when incipient melting occurs, as is discussed below. In the particular alloy discussed above the Ma- 
5i phases have the lowest melting point. 

*K °' ^^^^"^ Application No. 863864 is to reduce the size of the Mg-Si-phases in 

the billet, these phases will, even if the particle size is smaller, be present and incipient melting with tearing 
will occur. The improved extrusion properties which are said to be achieved will therefore be only limited 
Nor does any improvement either with regard to a reduction of extrusion work or of the mechanical 
properties of the extrudates, appear to be achieved. mecnanical 
The main object of the present invention is to provide a method for producing an alloy, for instance by 
casting an ingot or billet for extrusion purposes and which may consist of an AI-Mg-Si-alloy of the above- 
mentioned type, where the extrusion properties are essentially improved and where the mechanical 
properties of the extrudates in the temis of strength is substantially increased. 

In accordance with the present invention a method of preparing an alloy for extrusion comprises casting 
an ingot of the alloy, homogenizing the ingot, cooling the homogenised ingot, reheating the ingot to a 
temperature above the solubility temperature of the precipitated phases in the matrix, holding the ingot at 
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that temperature until the phases are dissolved and either quickly cooling the ingot to the desired extrusion 
temperature to prevent new precipitation of the phases or extruding the ingot at that temperature. 
Preferably the alloy is an aluminunium alloy. 

The invention will now be further described by way of example with reference to the accompanying 
drawings in which: 

Fig. 1 is a theoretical diagram showing the maximum extrusion speed as a function of billet 

temperature immediately before extrusion, 

Fig. 2 is a cross-sectional view of the extrusion die used in the extrusion tests. 

Fig. 3 is a diagram showing maximum extrusion speed plotted against billet temperature immediately 

before the extrusion is performed, 

Fig. 4 is a diagram showing maximum extrusion pressure plotted against the billet temperature, and 
Fig. 5 is a diagram showing ultimate tensile strength plotted against the billet temperature. 
The present invention is based on the theory that incipient melting first occurs in the coarse Mg-Si- 

phases of the metallic structure which have the lowest melting point, and that the tearing of the extrusion 

surface occurs at these sites when the temperature in the metal reaches the melting temperature for these 

phases. 

If the coarse Mg-Si-phases are avoided, incipient melting is prevented, which again will allow the 
extrusion speed to be increased. The Mg-Si-phases are soluble in all the 6000-alloys and will no longer be 
present If the metal is held at a temperature above the solubility temperature. 

Referring to the "extrusion limit diagram" shown In Hg.1, the above theory means that if the billet is 
heated to a sufficiently high temperature for long enough to dissolve the Mg-Si-phases before extrusion, 
there will be a new peak in the diagram, indicated by reference numeral 1 in the diagram. 

The curve on the left hand side, 2. shows the maximum press speed with the available extrusion 
pressure. The curve on the right hand side. 3. shows the maximum values above which tearing occurs in 
the metal due to incipient melting, while the curve on the far right. 4, shows the maximum values above 
which tearing occurs in the Al-matrix itself. 

The extra peak in the diagram is expected to occur only in alloys where incipient melting occurs. 

If the billets, as mentioned above, are firstly heated to a temperature above the solubility temperature 
for Mg and Si for a sufficient time so that the Mg-Si-phases are dissolved and thereafter are cooled to a 
desired extrusion temperature quickly enough to prevent precipitation of new, coarse Mg-Si-phases, it is 
possible to achieve a further increase in extrusion speed at the lower billet temperature. These billets will 
have an increased extrusion speed compared to billets which are heated conventionally to the same 
temperature, compare the dashed line, 6, in Rg. 1. 

The following example is intended to illustrate in a non-limiting manner the advantages of the invention. 



Example 

Extrusion tests were performed to compare the extrusion properties of billets produced according to the 
Invention against the extrusion properties of billets made of the same alloy, but produced in a conventional 
way. 

Billets in the form of rods of diameter 228 mm were produced by casting an alloy. AA6063. and then 
cut into sections 71 1 mm in length- The alloy composition is shown in the table below. 



Alloy 


Mg 


Si 


Fe 


AA6063 


.60 


.48 


.17 



The billets were homogenised according to standard practice, ie 6 hours at 582* C. and thereafter 
cooled at a minimum cooling rate of 194° C/h between 510° C and 204° C. 

After the homogenizatlon the billets were provided with sample numbers and heated according to a 
desired "temperature program". 

The heating period for the billets was approximately 35 minutes. The samples which were cooled prior 
to extrusion, were cooled to a desired temperature without using any kind of forced cooling. The cooling 
period was up to 20 minutes for the lowest cooling temperature. 

After the above heating program was performed, the billets were extruded through a special die shown 
in Fig. 2. The extrusion die is provided with recesses. 5. which In the extrusions result in small ribs. The 
expression "extrndabllity" as used herein refers to the maximum extrusion speed, V maks. which is 

3 



BNSDOCID: <EP_0302623A1 J_> 



EP 0 302 623 A1 



10 



75 



20 



25 



30 



35 



40 



45 



for^Jll? K^fff "^""'^ "^'^ P^^^^"* ^'^^^^ ^Wfe^ent billets were used 

perfo^ed temperature of each of the billets Immediately before the extrusion was 

Maximurn extrusion speed before tearing occured is plotted vs. billet temperature in Rg 3 "X" 
I^e ™ln,Sln!f ''^^''^ directly to the desired extrusion temperature after homogeSzation in 

rnH^n , H r "J"^ ? represents billets heated to a temperature above the solubility temperature 
in^lTc / fnf . ® "^^^'"^^ temperature. As indicated by the dotted line in Fig. 3. a significant 

increase (app. 60%) .n extrusion speed is achieved by producing the billets according to the method 

From the phase diagram for the alloy (60603) used in the tests, the solubility temperature was 
estimated to be about 483 C. which corresponds to the changes in maximum extrusion speed ^T^reak^ 
Mn s?nh««"'^ *f ^"f '"^ *^ temperature for the directly heated billets As the coarse 

Mg-Si-phases are dissolved, the extrusion speed will increase due to the changes in the mechanisms which 

m.S n t T^'^"' ""^'^ P^«^'°"«'y nientioned. due to the fact that the 

mJ ! ! TH 'T^' 0^ P»'^s«s which have lower melting points than the rest of the 

material. These agglomerates may for instance consist of MgjSi + Si + Al (liquid at 555* C) or AlFe 

o^^Sf mL?-^^- ' ? ' .f ''^'^ te.Speratures are exceed^, durfng the'eltL 

of the metal, incipient melting will occur and cause surface defects such as tearing 

In Fig. 4 the break-through pressure for he extrusion (the maximum pressure before extrusion 
commences) is plotted against the billet temperature. The curve passing through the points -O' deS he 
maximum, average pressure for billets extruded according to the invention, while the slightly less inclinina 

hZt 177 ^^r^*" '""""^ ^^^^^^e. maximum pressure which was mea u7e<^^for Se 

billets extruded the conventional way. i.e. billets directly heated to the desired extrusion temperature 

r>rJl^1.Tr,H^^"J!T ^"'^ * P^®«s"^ registered for the billets 

SS^^ S. H ^ to the present invention. This probably has to do with the larger amounts of Mg and Si 
fnnS^- ^f'"'."'""*"'" is the case with the billets produced conventionally. The small 

NS2fnr^.!2L"''°" ^rTl^' """^P^^"' co-^P^ed to the increase in extrusion speed for the 

billets produced according to the present invention. 

i..n^j^r. 'T'"^ ^ ^J!^ ''"^"^y- ^ °* "pick-up- (surface defect), was determined by visual 

ndS^^^ w'T^'^- ^""^ '"""P'^ 9^^^^^ ^^^^d »° surface quality, Grade I 

indicating the finest surface and Grade III the roughest surface. The samples were graded as follows- 



Sample 


Blliet 


Grading 


No. 


temperature 


1 


442 


1- 






II 


2 


432 


1- 






II 


3 


446 


II 


4 


477 


II 


5 


488 


If 


6 


506 


1 


7 


511 


1 


8 


527 


1 


9^ 


466 


1 




466 


1 


11*^ 


430 


1 



50 



= Cooled down from 538* C. 



extrul^emp^:"^'" "^'^ °" "^'^ "'^^'^^ ^"^'"^ ''"P^^-' '—"9 

fifi .,..n«=Il^?T' *^,.f^";'P'«s^'*"ded from billets produced according to the present invention have 
converSonal meiiod P'^K-up*") than the samples extruded from billets produced according to the 
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Testing of mechanical properties. 

After the extrusion was performed, the extrusions were water- quenched at the press (standing wave) 
and samples were aged at 185* C for five hours. 
5 Two parallel samples of the aged extrusions were provided for tensile stress tests. The examples were 
taken from the middle, flat part of the extrusions. The results from the tests are set out in the table below. 
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Sample 


Billet 


Rpo2 


Rm 


Elongation % 


No. 


temp. 


N/mm2 


N/mm2 




1^ 


442 


221 


241 


13.5 


2^ 


432 


213 


234 


12;9 




446 


245 


263 


10.7/13.2 


4x 


477 


258 


274 


13.7 


5^ 


488 


258 


274 


8.6/14.0 


6^ 


506 


260 


275 


12.5 


7^ 


511 


262 


276 


12.7- 


8*^ 


527 


263 


276 


13.4 


9O 


466 


252 


266 


13.5 


10° 


466 


259 


271 


12.8 


I1O 


430 


256 


269 


11.9 



^ = Billets cooled down from 538* C. 

^ = Billets produced according to the conventional method. 
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In Fig. 5 the values of tensile strength set out in the table are plotted against the billet temperature. 

As can be seen from Fig. 5. the strength of the material increases as the billet temperature immediately 
before extrusion is increased. Further it can be seen that the extrusions which were extruded from billets 
produced according to the present invention have improved strength compared to the extrusions produced 
30 according to the conventional method, especially when the billet temperature is low. 

The above examples therefore illustrate that billets extruded according to the present invention have 
improved properties with regard to extrusion speed, surface quality and strength, compared to billets 
extruded according to the conventional method. 

As well as the tests carried out with the alloy AA 6063 discussed above, corresponding tests with 
35 another alloy, AA 6351 were performed. The results from the tests with this alloy showed the same 
improvements regarding extrusion speed surface quality and strength as witti alloy AA 6063. 

Although discussed with reference to the Al-Mg-Si-alloys of the 6000-series, the method may be 
employed with all Al-ailoys where incipient melting occurs due to precipitated phases which are soluble at 
higher temperatures. Further, it is expected that the method may also be used with equal success with 
40 other alloys for example the copper alloys. 



Claims 

45 1 A method of preparing an alloy for extrusion comprising casting an ingot of the alloy, homogenizing 
the ingot, cooling the homogenised ingot, reheating the ingot to a temperature above the solubility 
temperature of the precipitated phases in the matrix, holding the Ingot at that temperature until the phases 
are dissolved and either quiclcly cooling the ingot to the desired extrusion temperature to prevent new 
precipitation of the phases or extruding the ingot at that temperature. 

50 2- A method as claimed in Claim 1 wherein the alloy is an aluminium alloy. 

3. A method as claimed in Claim 1 wherein the alloy is a copper alloy. 

4. A method as claimed in Claim 2 wherein the alloy is a structural hardening Al-Mg-Si-al(oy with 0.35 - 
1.5 weight % Mg, 0.35 • 1.3 weight % Si. 0 -0.24 weight % Fe. 0 - 0.20 weight % Mn, 0-0.05 weight % Ti, 
the maximum amount of each of the impurities being 0.05% and them maximum total amount of impurities 

55 being 0.15%, the precipitated phases being the Mg-Si phases. 

5. A method as claimed in any preceding claim wherein the ingot is cast by a short forming or hot top 
direct chill process. 
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